Abstract: Topological insulators have lately been extensively studied. Their optical properties though have not been well described yet. We recently highlighted that a topological insulator exhibits saturable absorber-like behavior when placed in a 1550 nm laser beam. This property is likely to be used in a mode-locked fiber laser.
Introduction
Topological insulators are materials that behave like an electronic insulator but have metallic states on their surface due to the combination of spin-orbit interactions and time-reversal symmetry. Electronic properties of these materials have been extensively studied in the past few years [1] . However, optical properties have been quite ignored.
We recently explored one of these optical properties by illuminating a Bi 2 Te 3 sample with a 1550 nm laser beam. We observed that the transmission curve of the intensity through the topological insulator is similar to a saturable absorber that attenuates low intensities stronger than high intensities. This could be used in a laser cavity to generate pulses.
It is well known that saturable absorber-like elements can be used to obtain mode-locking [2] . Graphene is a recent example of such an element used as intensity discriminator in a mode-locked fiber laser [3] , as well as semiconductor waveguide arrays which are so far a theoretical proposition though [4] .
Topological insulators as saturable absorbers
The experimental setup presented in Fig.1 consists in a picosecond laser source amplified by an EDFA and an injection system to illuminate the sample. Light is focused on the sample by microscope objectives. Power is monitored before and after the sample by two detectors. The sample we use is a Bi 2 Te 3 deposit on a glass plate. The laser delivers 5 ps pulses with a 10 MHz repetition rate.
The transmission curve is showed on Fig.2 . It appears clearly that the transmission through the sample is nonlinear and exhibits a saturable absorber behavior. The discrimination ratio between low and high intensity is close to 8 which is a quite high discrimination.
Conclusion and perspectives
This transmission curve is a promising result for further experiments. First we have showed that Bi 2 Te 3 exhibits a saturable absorber behavior at telecommunication wavelengths but it should be easily checked whether this phenomenon is broadband and could be observed at other wavelengths.
In order to use topological insulators for mode-locking we need to know how short the response time of the saturable absorption is. If it is short enough it should be straightforward to experimentally observe pulse formation in a laser cavity.
